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COMPLEX BETWEEN CARRAGEENAN AND A WATER SOLUBLE DRUG 
HAVING A SPECIFIC GRANULOMETRY AND RELATIVE CONTROLLED 
RELEASE PHARMACEUTICAL COMPOSITIONS 
Field of the invention 
5 The present invention relates to a complex between a water soluble drug and 
canrageenan in powder form characterised In that this powder has a specific 
granulometry, a process for preparing this complex and controlled release 
pharmaceutical composition containing said complex. 
Prior art disclosure 

10 One of the simplest and cheapest methods to obtain the prolonged release of 
drugs is the use of tablets containing the drug and one or more polymers quite 
often able to gelify. Especially in the case of very soluble dmgs, however, the 
release rate is higher at the beginning of the dissolution and decreases with the 
increase in diffusional pathway. This can result in strong variations of plasma 

15 levels especially in the case of drugs administered at high dosages. 

Solid oral dosage forms based on ion exchangers are described in the literature. 
Ionic exchange resins and hydrophilic polymers with ionisable groups have been 
used. Most of the commonly used daigs, being basic in nature, can interact with 
polymer acidic groups (carboxylic or sulfonic groups). The sulfonic polymers, 

20 being stronger acids, are likely to interact with the drug independently of the pH 
of the medium. In any case, the ionic interaction between the drug and the 
polymer gives as a result a change of the release profiles of the dmg. In particular, 
with some drugs a precipitation of the complex may occur. 
Drug-carrageenan complexes have been proposed for the sustained release in 

25 parenteral administration (intramuscular) (H.D. Graham et al, J. Pharm. Sci, 
52,1963,193-198). 

Moreover, complexes of carrageenan with some drugs (emepronium, doxicicline 
and propranolol) and with antidepressant drugs have been proposed to reduce the 
risks of overdosing the dmg (WO 93/07860. 1993). 
30 An ofloxacin-carrageenan complex has also been proposed to prepare sustained 
release tablets, whose release was completed in 2-3 hours (JP 61 130239, 1986). 



wo 99/21586 



PCT/EP98/06864 



2 

In the methods of complex preparation described in the literature at least one of 
the interacting species is present in solution; in some cases polymer solutions 
concentrated at 5% w/v are used (JP 60 174729). 

However, in the preparation of solid oral dosage forms (tablets, pills, capsules, 
5 granulates), no particular attention has been given, until now, to the particle size 
of the complex, and quite often high amounts of other excipients have been used 
to obtain coherent tablets or to slow down the release rate. 
Controlled release tablets have many advantages from the technological point of 
view and for the patient compliance. A thorough fomnulation study is however 
10 necessary to obtain the desired release rate and profile also taking into account 
the characteristics, for example the pH, of the dissolution medium. When high 
dosages of a freely soluble drug are needed, this task is rendered more difficult 
since the quantity of polymers and other excipients to be added to modulate the 
release must be limited, in order to avoid the preparation of tablets of big 
15 dimensions. 

Technical problem 

The need was felt to have controlled release therapeutical compositions not 
containing high amounts of polymers and excipients and therefore being of 
acceptable dimensions for the oral administration. 

20 Summary of the invention 

The present invention relates to a complex of carrageenan with a water soluble 
drug in powder form with an average particle size ranging from 10 to 100 ^ and 
the basic water soluble drug is contained in the complex in amounts ranging from 
1.5 and 5 mmol/g carrageenan. 

25 The Applicant has in fact surprisingly found that by using the carrageenan 
complex with the average particle size in the above mentioned range it is possible 
to prepare controlled release pharmaceutical compositions not suffering from the 
drawbacks of the above mentioned known controlled release phamnaceutical 
compositions containing the carrageenan complex. 

30 In fact by using the carrageenan complex according to the present invention it is 
possible to prepare controlled release pharmaceutical compositions without the 
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need to add high quantities of further excipients or polymers able to further slow 
down the dnjg release. 

The present invention therefore further relates to controlled release 
pharmaceutical compositions containing the complex according to the present 
5 invention. 

The invention also concerns a process for preparing the complex, based on the 
interaction between polymer and drug when a minimum amount of water is added, 
therefore unlikely the known processes above reported, it does not require a 
previous dissolution of the canrageenan and/or the drug in water . 
10 In particular this process according to the present invention comprises the 
following steps: 

a) preparing a homogeneous mixture of drug and carrageenan in suitable 
quantities in order to obtain a final carrageenan complex wherein the drug is 
contained amounts comprised between 1.5 and 5 mmol/g carrageenan 
15 b) kneading the mixture in a suitable apparatus by adding a water content 
expressed as weight ratio water /polymer + water soluble basic substance 
comprised between 1 :3 and 3: 1 

c) optionally washing the product coming from step (b); 

d) drying the mixture. 

20 e) milling the dried product until reaching the desired particle size. 

The advantages of the process according to the present invention which does not 
require a previous solubilization step can be summarised as follows: 

■ the recovery of the complex is much easier than in the prior art processes 
using high volumes of solvent; 

25 ■ process times are decidedly shorten 

■ the centrifugation or filtration step of highly viscous can-ageenan solution to 
recover the desired complex is no longer strictly necessary. 

Description of the figures 

Figure 1 reports the release profiles at pH 1 .2 and pH 6.8 of the tablet prepared as 
30 described in Example 7 with the complex of can-ageenan with diltiazem-HCl, 
wherein the percentage of drug release is reported in ordinates and the time in 
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hour is reported in abscissae. 

Figure 2-A reports the release profiles at pH 1.2 of the tablet prepared as 
described in Example 3 (109) and the tablet prepared as described in Example 2 
(209) having a sieve fraction <45nm , wherein the percentage of drug release is 
reported in ordlnates and the time In hour is reported In abscissae. 
Figure 2-B reports the release profiles at pH 6.8 of the tablet prepared as 
described in Example 3 and the tablet prepared as described In Example 2 (209), 
having a sieve fraction <45nm, wherein the percentage of drug release is 
reported in ordinates and the time in hour is reported in abscissae. 
Figure 3-A reports the release profile at pH 1.2 and 6.8 of the tablet prepared as 
described in Example 2 prepared with the complex of carrageenan with 
diltiazem'HCI. having a particle size 75-105 \im, wherein the percentage of dmg 
release is reported in ordinates and the time in hour is reported in abscissae. 
Figure 3-B reports the release profile at pH 1.2 and 6.8 of the tablet prepared as 
described in Example 2 prepared with the complex of canrageenan with diltiazem, 
having a particle size 45-75 nm. wherein the percentage of drug release is 
reported in ordinates and the time in hour is reported in abscissae. 
Figure 3C reports the release profile at pH 1.2 and 6.8 of the tablet prepared as 
described in Example 2 with the complex of carrageenan with diltiazem having a 
particle size <45nm. wherein the percentage of drug release is reported in 
ordinates and the time in hour Is reported in abscissae. 

Figure 4-A reports the release profile at pH 1.2 of the tablet prepared as disclosed 
in Example 6 wrth the complex of carrageenan wfth propranolol having a particle 
size either 45-75^m or <45^m. wherein the percentage of drug release is reported 
in ordinates and the time in hour is reported in abscissae. 

Figure 4-B reports the release profile at pH 7.5 of the tablet prepared as disclosed 
in Example 6 with the complex of carrageenan with propranolol having either a 
particle size 45-75jim or <45nm, wherein the percentage of drug release is 
reported In ordinates and the time in hour is reported In abscissae. 
Figure 5 reports the release profile carried out in the dissolution test conducted 
with a pH change after 3 hours from dissolution of tablets whose preparation is 
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disclosed in Example 8 having surface/volume ratio R of 0.7 and 0.9 . 
Detailed description of the invention 

As previously pointed out the Applicant has found that the granulometric range of 
the complex according to the present invention is critical in order to obtain a 
controlled drug release. In fact with pharmaceutical composition essentially based 
on the carrageenan complex with a particle size higher than 100 \xm it is not 
possible to modulate the drug release, since the drug is very quickly released, by 
contrast using a pharmaceutical composition containing as the essential 
component a complex having an average granulometry below lO^im, the doig 
release is very slow and moreover the milling, to obtain this very fine 
granulometry. is tedious and rather expensive. 

The Applicant has in any case found that better results can be achieved by using 
carrageenan complexes having a particle size comprised between 45 and 75^m 
and < 45|im. 

The content of the basic water soluble dmg is preferably contained in amounts in 
the complex ranging from 3.0 to 4,0 mmol/g. 

The basic water soluble drug is preferably selected from the group consisting of 
analgesics, antiparicinsonians, anti-inflammatory agents. anaesthetics, 
antimicrobials, antimalarics, antiparasitics, anticonvulsivants. CNS drugs, 
diuretics, hypnotics, tranquillisers, sedatives, muscle relaxants, hormones, 
contraceptives. sympathomimetics, hypoglicemic agents, ophtalmics, 
cardiovasculars. 

According to a preferred embodiment in the complex according the present 
invention the basic drug is selected from the group consisting of: diltiazem 
promethazine, salbutamol, chlorpheniramine propranolol and/or pharmaceutically 
acceptable salts thereof. 

According to a particularly prefen^ed embodiment the basic drug is selected from 
the group consisting of: diltiazem HCI. promethazine HCI. salbutamol sulphate, 
chlorpheniramine maleate. 

The can-ageenan to be used may be indifferently the iota kappa or lambda type, 
although better results are obtained by using lambda can^ageenan. 
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The carrageenan in the complex according to the present invention has preferably 
a viscosity comprised between 500 and 2000 cPs, more preferably has a viscosity 
ranging from 700 to 1600 cPs measured at 37X with a shear rate of 20 s exp(-l). 
According to a particularly preferred embodiment carrageenan is used available in 
the market with the trademark Viscarin* GP 209 having a viscosity of 1598 cPs. 
measured at 37*^0 with a shear rate of 20 s exp(-l). 

The controlled release pharmaceutical compositions according to the present 
invention contain the complex according to the present invention in amounts 
ranging from 60 to 100%, more preferably in amounts ranging from 80 to 100% 
by weight based on the total composition weight. 

The controlled release pharmaceutical compositions according to the present 
invention show a further advantage since their drug release is independent from 
the pH of the medium. 

The employment of the complex at a well defined particle size (under 100 pm) 
allows to prepare controlled release tablets containing up to 90-100% complex, 
and therefore 60-80 % of dmg (depending on the maximum binding capacity of 
the polymer and on the molecular weight of the dmg). These tablets can therefore 
be exploited also in case of high drug dosages, such as those necessary for once- 
a-day administration. 

The controlled release may optionally contain up to 5%, preferably between 1 and 
4% by weight based on the total composition weight of a gellable polymer 
selected from the group consisting of hydroxypropylmethylcellulose 
hydroxypropylcellulose having a viscosity comprised between 4000 and 100.000 
cPs, in order to further modulate the drug release. 

The controlled release pharmaceutical composition according to the present 
invention may be in the fomn of tablets, pellets and granules. The pellets or 
granules can be used for the preparation of extemporaneous aqueous 
suspension, or may be contained in hard or soft capsules. 
According to a preferred embodiment the controlled release pharmaceutical 
compositions are preferably in the form of tablets. The employment of small 
particle size fractions (45-75 pm or < 45 pm) reduces the release rate, also from 
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tablets made with the complex alone, to values that are suitable for once a day 
administration, meaning a release completed within 20-24h. Moreover, it has been 
shown that almost linear release profiles and at any rate a marked reduction in 
burst effect, quite independently of medium pH, can be achieved. 
5 These tablets may be prepared by direct compression of the complex powder or 
by compression of granules obtained by wet granulation with the process 
disclosed later on for the preparation of granules. The flow properties of fine 
fractions may render the granulation step and the addition of glidants (such as 
talc) to the granulate necessary; a composition useful for this kind of procedure is 
10 described in Example 7: hydroxy propylmethylcellulose (5% Methocel K4M mixed 
to the complex and 2-3% Methocel E15 dissolved In the binding solution) has 
been used. The release profiles obtained with this formulation are given In Figure 
1 The release occurs at approximately constant rate during about 20 h both in pH 
1.2 (gastric) and in pH 6.8 (intestinal) buffers. 
15 The Applicant has also surprisingly found that the tablets having the ratio 
surface/volume R comprised between 0.7 and 0.9 are preferred as concerns the 
controlled release profiles. 

The pellets have preferably an average particle size ranging from 1 to 3 mm and 
the granules have an average particle size ranging from 0.2 to 1 mm. Both 
20 granules and pellets are prepared by using conventional techniques 
encompassing the following steps: 

(i) kneading the carrageenan complex powder according to the present invention 
with an alcoholic solvent in the presence of a binder such as ethyl or 
methylcellulose having a viscosity ranging from 10 to 100 cPs, 
25 (ii) granulating the kneaded mixture in a suitable granulator such as a 
rotogranulator, 

(iii) drying the wet granules or pellets, 

(iv) classification of the granules to separate the granules or pellets having the 
desired average particle size. 

30 The present invention further relates to controlled release pharmaceutical 
composifion in the form of a tablet containing a: 
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A) a core 

B) an external layer completely or partially covering the core tablet containing the 
carrageenan complex with the basic water soluble dmg according to the 
present invention, said extemal layer being applied by compression. 

5 Preferably this external layer contains the complex according to the present 
invention in amounts ranging from 60 to 100%. preferably In amounts ranging from 
80 to 100%. 

It may optionally contain up to 5%. preferably between 1 and 4% by weight based 

on the total composition weight of a gellable polymer selected from the group 
10 consisting of hydroxypropylmethylcellulose having a viscosity comprised between 

4000 and 100.000 cPs.. in order to further modulate the drug release. 

In step (b) of the process according the present invention the water to be added 

expressed as weight ratio water /polymer + water soluble basic substance is 

preferably comprised between 1:2 and 2:1. 
15 The following examples of preparation of the complex according to the present 

invention are reported for illustrative, but not limitative purposes. 

Example 1 

100 g of can-ageenan (Viscarin GP 209. FMC) and 128 g of promethazine* HCI are 
mixed in a turbula mixer. The minimum amount of water necessary to knead the 
20 mixture is added (about 100 ml). The complex is separated by centrifugation at 
2000 rpm for 10 minutes, and washed with distilled water. The solid product is 
lined in trays, dried in oven at 40-50 X overnight and milled. 
Example 2 

1000 g of can-ageenan (Viscarin GP 209, FMC) and 1000 g of diltiazem*HCI are 
25 mixed in a turbula mixer. The minimum amount of water necessary to knead the 
mixture is added (about 1000 ml). The complex is separated by centrifugation, and 
washed with distilled water. The solid product is lined in trays, dried in oven at 40- 
50 X overnight and milled. The sieve fractions 45-75 pm and 75-105 pm and < 45 
urn are obtained. 300 mg weight tablets, each containing about 180 mg of 
30 diltiazem*HCI. are prepared by means of an hydraulic press Perkin Elmer, at 3 
tons (1 minute) with 10 mm diameter flat punches . 
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Example 3 

1000 g of low viscosity carrageenan (Viscarin GP 109, FMC) and 1600 g of 
diltiazem^HCI are mixed in turbula mixer The minimum amount of water 
necessary to knead the mixture is added (atx)ut 1000 ml). The complex is 

5 separated by centrifugation, and washed with distilled water. The solid product is 
lined in trays, dried in oven at 40-50 ''C ovemjght and milled and sieved in order to 
recover the fraction having particle size <45microns. 300 mg weight tablets are 
prepared, each containing about 180 mg of diitiazem*HCI, by means of an 
hydraulic press Perkin Elmer, at 3 tons (1 minute) with 10 mm diameter flat 

10 punches. 
Example 4 

100 g of carrageenan (Viscarin GP 209, FMC) and 45 g of salbutamol sulphate 
are mixed in a turbula mixer About 200 ml of water are added to the mixture, that 
is kneaded until achieving a homogeneous mixture. The complex is lined in trays, 
15 dried in oven at 40-50 ^'C overnight and milled up to the desired granulometry. 
Example 5 

100 g of carrageenan (Viscarin GP 209, FMC) and 75 g of chlorpheniramine 
maleate are mixed in turbula mixer. About 150 ml of water are added to the 
mixture, that is kneaded until achieving a homogeneous mixture. The complex is 
20 lined in trays, dried in oven at 40-50 X overnight and milled up to the desired 
granulometry. 
Example 6 

1000 g of canrageenan (Viscarin GP 209, FMC) and 1600 g of propranolol are 
mixed in a turijula mixer. The minimum amount of water necessary to knead the 

25 mixture is added (about 1000 ml). The complex is separated by centrifugation. and 
washed with distilled water. The solid product is lined in trays, dried in oven at 40- 
50 "^C overnight and milled. The sieve fractions 45-75 pm and 75-105 pm are 
obtained. 300 mg weight tablets, containing about 150 mg propranol, are obtained 
by means of an hydraulic press Perkin Elmer, at 3 tons (1 minute) with 10 mm 

30 diameter flat punches. 
Example 7 
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From the complex obtained as described in the example 2. the < 45 \im sieve 
fraction is obtained. A mixture containing 95% of this fraction and 5% of HPMC 
Methocel K4M Is granulated by wetting with a solution of HPMC Methocel E1 5 and 
extrusion through 700 \im sieve, and is dried in oven. The granulate is forced 
through a 700 \im sieve again and 2% talc is added. Respectively 300 mg tablets, 
containing about 180 mg of diltiazem»HCI, are obtained by means of an 
altemative Kilian KIS tabletting machine, with convex 11 mm punches. 
EXAMPLE 8 

From the granulate prepared as described in Example 7, 570 mg tablets 
containing 300 mg diltiazem'HCI were obtained with a Kilian KIS tabletting 
reciprocating machine equipped with either 11 mm convex punches with 
surface/volume ratio R =0.7 or 13 mm flat punches (surface/volume ratio R = 0.9). 
MFTHOnSFOR CARRYING OUT THF TESTS OF DRUG RELEASE IN VITRO 
The release test of some of the tablets prepared according to the above reported 
examples was performed in a 1 basket USP XXIII apparatus at 100 rpm 37'C 
using either a 500 or 1000 ml fluid. The following tests had been conducted 

A) The test at pH 1 .2 simulating the gastric fluid(USPXIII without enzymes). 

B) The test carried out at pH 6.8 and 7.5 simulating the intestinal fluid . 

C) The test carried out changing the pH from 1.0 to 6.8 (0.1 M HCI to 6.8 by 
adding Na3P04 0.2M) after 3 hours from dissolution. 

RESULTS 

The results of the above tests are reported in Figurel. Figures 2A. 2B. Figures 3A- 
38. 3-C. Figures 4A-4B. Figure 5. 

In particular Figure 1 reports the results of test A and B carried out on tablets 
whose preparation Is disclosed in Example 7 containing therefore besides the 
carrageenan complex with diltiazem-HCI having a particle size lower than 45nm 
also small amounts of talc and hydroxypropylmethylcellulose. As one can observe 
from this figure there is no substantial variation between the release at pH 1.2 and 
pH 6.8. This means that the tablets prepared according to example 7 are - 
I insensible to the pH medium and the release of the drug is complete at both the 
above mentioned pH after 20 hours from dissolution. 
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Figure 2A reports the drug release profile at pH 1.2 of tablets obtained according 
to Example 3 consisting of a complex between Diltiazem-HCI and carrageenan 
VISCARIN® GP 109 having a viscosity of 761 cPs measured at 37X with a 
shear rate of 20 s exp(-l) and compared with tablets prepared as described in 

5 Example 2 with the complex between Diltiazem^HCl having a particle size <45|xm 
and carrageenan (VISCARIN® GP 209) having a viscosity of 1598 cPs, wherein it 
results that at low pH the Diltiazem .HCI complex with carrageenan with higher 
viscosity have a similar release profile if compared with the corresponding one 
with lower viscosity, although a little better results are obtained with the complex 

10 whose carrageenan has a low viscosity. 

Figure 2 B reports the drug release profile at pH 6.8 of tablets obtained 
according to Example 3 obtained by a complex between Diltiazem»HCI and 
carrageenan VISCARIN ® GP 109 having a viscosity of 761 cPs calculated at 
37*^0 with a shear rate of 20 s exp(-l) and compared with tablets prepared as 

15 described in Example 2 with the complex between Diltiazem^HCI having a particle 
size <45|im and carrageenan (VISCARIN®209) having a viscosity of 1598 cPs, 
wherein it results that at pH 6.8 the complex with carrageenan having higher 
viscosity gives good results, by contrast in the complex prepared with 
carrageenan having lower viscosity the release is very slow and after 20 hours 

20 only 20% of the drug is released. 

Figure 3A -3C reports the dnjg release profile at pH 1.2 and 6.8 as a function of 
granulometry wherein it results that for the carrageenan complex with 
diltiazem»HCI having a granulometry comprised between 75 and 105 ^m only at 
pH 1 .2 it is possible to control in some way the release of the drug. In fact the daig 

25 is completely released after 8 hours. By contrast at pH 6.8 the same complex 
completely releases the drug in about 90 minutes. With complexes having 
granulometry comprised between 45 and 75jim but also <45 ^m both at pH 1.2 
and at pH 6.8 it is possible to slow down the diltiazem release up to 20 hours from 
dissolution. 

30 Comparable results may be achieved with complexes between propranol and 
carrageenan reported in Figure 4A and 4(B). although better results can be 
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achieved with the complex fraction whose granulomtery is <45}im at both pH . 
Figure 5 demonstrates that good results are obtained with tablets having the ratio 
surface/volume R comprised between 0.7 and 0.9 although better, results are 
obtained with the tablets having this ratio R = 0 J, since the release is completed 
5 in 24 hours. 
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CLAIMS 

1 1. A complex of carrageenan with a water soluble drug in powder form with an 

2 average particle size ranging from 10 to 100 n and the basic water soluble drug 

3 is contained in the complex in amounts ranging from 1.5 and 5 mmol/g 

4 carrageenan. 

1 2. The carrageenan complex according to claim 1 having an average particle size 

2 <45nm. 

1 3. The carrageenan complex according to claim 1 having a particle size comprised 

2 between 45 and 75^m. 

1 4. The complex according to any one of claims 1-3 wherein the basic water 

2 soluble drug is preferably contained in amounts ranging from 3,0 to 4.0 mmol/g. 

1 5. The complex according to anyone of claims 1-4 wherein the basic water soluble 

2 drug is preferably selected from the group consisting of analgesics, 

3 antiparkinsonians, anti-inflammatory agents, anesthetics, antimicrobials, 

4 antimalarics, antiparasitics, anticonvulsivants, CNS drugs, diuretics, hypnotics, 

5 tranquillisers, sedatives, muscle relaxants, hormones, contraceptives. 

6 sympathomimetics, hypoglicemic agents, ophtalmics, cardiovasculars. 

1 e.The complex according to anyone of claims 1-5 wherein basic drug is selected 

2 from the group consisting of: diltiazem, promethazine, salbutamol. 

3 chlorpheniramine and /or pharmaceutically acceptable salts thereof. 

1 7.The complex according to anyone of claims 1- 6 wherein the carrageenan has a 

2 viscosity comprised between 500 and 2000 cPs.measured at 37X with a shear 

3 rateof 20sexp(-1). 

1 8. The complex according to claim 7 wherein the carrageenan has a viscosity 

2 ranging from 700 to 1600 cPs., measured at 37X with a shear rate of 20 s exp(- 

3 1). 

1 g.The complex according to claim 7 wherein the carrageenan has a viscosity of 

2 1 598 CPs measured at 37''C with a shear rate of 20 s exp(-1 ). 

1 10. The complex according to anyone of claims 1-9 wherein the carrageenan is of 

2 lambda type. 

1 11. A process for preparing the complex according to anyone of claims 1-10, 
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2 comprising the following steps: 

3 a) preparing a homogeneous mixture of drug and carrageenan in suitable 

4 quantities in order to obtain a final carrageenan complex wherein the drug is 

5 contained amounts comprised between 1 ,5 and 5 mmol/g carrageenan; 

6 b) kneading the mixture in an suitable apparatus by adding a water content 

7 expressed as weight ratio water /polymer + water soluble basic substance 

8 comprised between 1:3 and 3: 1, 

9 c)optionally washing the product coming from step (b); 

10 d) drying the mixture. 

11 e) milling the dried product until reaching the desired particle size. 

1 12. The process according to claim 11 wherein in step (b) the water to be added 

2 expressed as weight ratio water /polymer + water soluble basic substance is 

3 comprised between 1 :2 and 2:1 . 

1 13. A controlled release pharmaceutical composition comprising the complex 

2 according to anyone of claims 1 -10. 

1 14.The controlled release pharmaceutical composition according to claim 13 

2 wherein the complex is contained in amounts ranging from 60 to 100% by weight 

3 based on the total composition weight. 

1 15. The controlled release pharmaceutical composition according to anyone of 

2 claims 13 and 14 wherein the complex is contained in amounts ranging from 80 

3 to 100% by weight based on the total composition weight. 

1 16. The controlled release pharmaceutical composition according to anyone of 

2 claims 12 -14, optionally containing up to 5% by weight based on the total 

3 composition weight of a gellable polymer selected from the group consisting of 

4 hydroxypropylmethylcellulose, hydroxypropylcellulose having a viscosity 

5 comprised between 4000 and 100.000 cPs. 

1 17. The controlled release pharmaceutical composition wherein said gellable 

2 polymer is contained in amounts comprised between 1 and 4% by weight based 

3 on the total composition weight. 

1 18. The controlled release pharmaceutical composition according to any one of 

2 claims 1 3-1 7 in the form of tablets , pellets and granules. 



wo 99/21586 



PCT/EP98/06864 



15 

1 19. The controlled release pharmaceutical composition according to claim 18 in 

2 the form of tablets having the ratio surface/volume R comprised between 0.7 and 

3 0.9. 

1 20. A process for preparing the controlled release pharmaceutical compositions in 

2 the form of tablets according to anyone of claims 18 or 19 comprising directly 

3 compressing the complex according to any one of claims 1-10. 

1 21. The controlled release pharmaceutical compositions according to claim 18 in 

2 the form of pellets having an average particle size ranging from 1 to 3 mm. 

1 22. The controlled release pharmaceutical compositions according to claim 18 in 

2 the form of granules having an average particle size ranging from 0.2 to 1 mm. 

1 23. A process for preparing the controlled release pharmaceutical compositions in 

2 the form of granules according to anyone of claims 18 and 22 or in the form of 

3 pellets according to any one of claims 18 and 21 comprising the following steps: 

4 (i) kneading the can^ageenan complex powder according to the present invention 

5 with an alcoholic solvent in the presence of a binder such as ethyl or 

6 methylcellulose having a viscosity ranging from 10 to 100 cPs. 

7 (ii) granulating the kneaded mixture in a suitable granulator, 

8 (iii) drying the wet granules or pellets, 

9 (iv) classification of the granules or the pellets to separate the granules or pellets 

10 having the desired average particle size. 

1 24. A process for the preparation of the tablets according to any one of claims 18 

2 and 19 comprising 

3 i') preparing the granules with the process according to claim 23, 

4 ii*) compressing the granules coming from step (i*) 

1 25. A controlled release pharmaceutical composition in the form of a tablet 

2 containing a: 

3 A) a core 

4 B) an extemal layer completely or partially covering the core tablet containing the 

5 can-ageenan complex with the basic water soluble dmg according to any one of 

6 claims 1-10, said external layer being applied by compression. 

1 26. The controlled release phamnaceutical composition according to claim 25 
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2 wherein the external layer contains the complex according to any one of claims 1- 

3 10 in amounts ranging from 60 to 100%. 

1 27 .The controlled release pharmaceutical composition according to anyone of 

2 claims 25 and 26 containing the complex according to anyone of claims 1-10, in 

3 amounts ranging from 80 to 100%. 

1 28. The controlled release pharmaceutical composition according to anyone of 

2 claims 25-27 optionally containing up to 5%, by weight based on the total 

3 composition weight of a gellable polymer selected from the group consisting of 

4 hydroxypropylmethylcellulose, hydroxypropylcellulose having a viscosity 

5 comprised between 4000 and 100,000 cPs., in order to further modulate the drug 

6 release. 

1 29. The controlled release pharmaceutical composition according to claim 28, 

2 wherein the gellable polymer content is comprised between 1 and 4% by weight 

3 based on the total external layer weight. 
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Figure 4 A 
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